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Abstract  
At present, concepts based on sustainable technology are widespread. The use of 
sustainable materials and integrated building structure design has begun to grow rapidly. 
The implementation of sustainable activities also creates competition among players in the 
construction sector. However, in the pursuit of sophisticated and comfortable civilization, 
development activities have a negative impact on the environment. This is important 
because the issue is the world's attention. Basically, the structure of the building should be 
designed as user-friendly and implement the concept of environmental conservation. The 
scope of this study focuses on environmental-based conceptual roof tiles. The purpose of 
this study is to identify and evaluate the factors that make the roof tile adopt a sustainable 
concept. Previous studies have been studied to identify the selection factors that make 
existing roof tiles practicing sustainable concepts. There are 9 factors of roof tile selection 
that have been identified through previous research. Distribution of questionnaires was also 
conducted with contractors and those involved in construction activities to evaluate the 
selection factors. Data analysis from the feedback questionnaire was evaluated by SSPS 
Software. The highest mean score is for corrosion-resistant factors and not easily brittle with 
a value of 4.77. This is because, with uncertainty and hot weather in Malaysia, they believe 
that roof tiles should withstand weather erosion and reduce construction waste. Obviously, 
most respondents agreed with the proposed sustainable factor to repair existing roof tiles. 
Keywords— sustainable concept, environment principles, sustainable roof tile 
1. INTRODUCTION  
In the past decade, the desire for sustainable development to address the 
challenges associated with greenhouse gas emissions, global warming and climate 
change has become a global problem. The need for sustainable development has 
dramatically increased worldwide [22]. In the environment degradation experienced 
by many developing countries, the construction industry cannot continue to ignore 
the environment [6]. For that, the Integrated Building System (IBS) is one of the 
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alternative in maintaining sustainability in construction. This is because, the IBS 
system works as reducing waste and can be a catalyst for sustainability in 
construction by reducing the use of natural resources. At the same time, the 
environment and the surrounding population will benefit from a well-managed 
system [23]. In Malaysia, the IBS system focuses only on precast concrete 
installation, lightweight panel installation, wall lamp installation block, installation of 
mold, frame, systematic mold system and roof well installation [4]. However, there 
are some construction activities not being emphasized as roof tile rallies that can 
have a big impact on the environment. This study emphasizes sustainable roof tiles 
based on environmental principles that focus on several variable factors and can 
help produce sustainable roof tiles.  
The scope of this study focuses on those involved in the construction industry in 
Batu Pahat, Johor such as contractors, architects, developers, engineers and 
others. To obtain the required information, the previous study was reviewed and the 
questionnaire was distributed to respondents. Advanced data analysis for 
affordable roof tile selection factors based on environmental principles assessed for 
validating selection factors. 
2. LITERATURE REVIEW 
2.1 Sustainable Concept 
According to Akadiri et al. [3], sustainability involves improving the quality of life, 
thus enabling local residents to live in a healthy environment along with socially, 
economically and environmentally well-developed progress. The sustainable 
concept consists of three principles, namely environmental, social, and economic 
[8], and these three elements require equilibrium without creating any conflicts [5]. 
Figure 1 shows three elements in a sustainable concept. 
 
 
 
 
 
 
Figure 1: Three elements in sustainable concept [5] 
Environmental protection refers to activities within the project itself if it is not 
effectively addressed, it affects the environment [1]. Meanwhile, social well-being 
underscores the welfare of workers and consumers who are basically concerned 
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with human feelings such as safety, satisfaction and comfort as well as human 
contributions including skills, health, knowledge and motivation [14]. Finally, the 
economy is linked to activities that can lead to profits from construction and public 
and government benefits from project success [1]. However, this study only focuses 
on environmental principles.  
2.2 Sustainable Roof Tile 
Roof tiles are designed to accommodate rain and are usually made from locally 
available materials such as 'stone' or 'terracotta'. Modern materials such as 
concrete, plastic and clay which have the advantages of waterproof tile roofs are 
also used today. In Malaysia, we can see the difference in the use of roof tiles for 
residential houses. In general, most rural users use zinc roofs or asbestos tiles while 
residents in urban areas use coarse roof tiles. However, with the advancement of 
technology, various types of roof tiles have hit the market with multi-functional and 
aesthetic value. According to Hantekor [7], there are several factors in selecting the 
type of roof, such as the climate at construction site, building structure design and 
cost. Examples of roof tile types are metal tiles, ceramics, concrete, asphalt, sand 
polymers, composites and brass. The strength of the roof tile must be optimal. 
Therefore, the roof tiles produced must comply with the standards set by each 
country. This is because, many environmental factors have been taken into account 
in determining standards, particularly those involving different countries. Of course, 
different countries have different climate standards that must be complied with by 
the manufacturer of the product and that is why the physical and mechanical 
strength of the roof tiles must meet the requirements [20]. 
Sustainable roof tiles have many features that contribute to their sustainability. 
Through previous studies, factors such as the materials used to produce roof tile, 
tile size, roof mounting method, physical and mechanical strength were taken 
seriously as a means of practicing sustainability in design and awareness on 
environmental issues such as heating global and pollution. It has been shown that 
changes must be made to explore new findings in the construction industry and 
adopt new products [13]. By raising awareness on environmental issues such as 
reducing non-renewable resources, global warming and ecological destruction, this 
issue has attracted great attention from construction organizations around the 
world. As supported from previous studies, this sustainable factor is the main 
criterion for selecting sustainable environmental roof tiles. 
2.2.1 Recyclable Materials in Tile Manufacturing 
There are five previous studies related to the use of recyclable materials in the 
manufacture of sustainable roof tiles. Residue materials such as sugar cane fiber 
[24], alum sludge [2], rice husk ash [18], glass fiber [16] and red mud [15]. All these 
wastes are recycled and blended into roof tile manufacturing materials indirectly 
reducing dependence on natural resources. These waste materials can indirectly 
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improve the properties of other roof tiles such as strength, corrosion resistance and 
tile density [19,10]. 
2.2.2 Lighter Roof Tile Weight 
The light weight of the roof tile is closely related to the manufacture material used 
in the roof tile. Sustainable roof tiles need to be light but does not affect the roof tile 
strength [16]. Light roof tile can facilitate the installation of roof tile and speed up 
time to complete the building. Silva and Surangi [18] cause bulk density to be 
reduced by the percentage of rice husk ash plus promising lightweight roof tile, 
favorable tile for roofing material. Although Sonnekus [19] states that tiles, each 
weighing 1.3 kg, are 70% lighter than traditional concrete, stone tiles or clay, and 
are produced from 100% waste, recycled plastic and fines removed from the 
destruction process. 
2.2.3 Larger Roof Tile 
Sonnekus [19] states that the tiles produced by the Thevia company reduced the 
amount of use of roof tile because the roof tiles had a size raised 2 times. Large 
roof tiles can reduce the roof tile installation workforce and speed up the time of tile 
installation. Silva and Surangi [18] also provide the mixture to be extracted into clay 
plates having larger dimensions than the dimensions of the tile. 
2.2.4 The selection of brightly colored roof tiles 
From Yacouby et al. [22] studies, the selection of light-colored roof tiles was very 
low due to maintenance problems. However, consumers are hoping that white 
roofing tiles such as white can reduce the use of air conditioners in an effort to save 
the environment. This is supported by Jewell [11] which emphasizes that brightly 
colored roof tiles are better than colored roofs as it saves energy costs such as the 
use of air conditioning, protects against the effects of hot island islands and local 
climate change. 
2.2.5 The Roof Tile Design Acts As a Natural Cooling System 
According to Hassan et al. [9], porous surface roof tiles allow water to enter and fill 
the air. The cooling process occurs because the water reacts and turns into a mist 
that reduces the temperature of the house or building. The white roof is much cooler 
than the dark, and provides a better interior thermal comfort and thereby reduces 
energy consumption [10, 22]. Sheng et al. [17] also noted ambient temperature rise 
as the installation of integrated photovoltaic power generation buildings can be 
offset by green roofs. Other studies say it depends on the material density and 
insulation thickness, therefore it is a good heat transferred from the inside and 
outside temperature [24]. 
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2.2.6 Environmental Friendly Roof Tiles 
Sustainable roof tiles are closely related to environmentally friendly properties such 
as heat absorbed materials, are not easily damaged and do not contribute to air 
pollution and noise. Using clay roof tiles that is produced by mixing normal clay and 
alum sludge with additional materials has low maintenance requirements, looks 
beautiful and also is useful in regulation room temperature [2]. While, the use of red 
mud material in roof tile could provide a beneficial for environment [15] and Sultana 
et al. [21] resulted hard rock waste from mining project could be used to produce a 
wide range of ceramic and industrial products by taking advantages of low cost and 
environmental protection [21]. Yacouby et al. [22] stated that developing “stainless” 
light color roof tiles also will be essential to make possible a sustainable 
development future in Malaysia, as it reflects more solar energy while at the same 
time enhancing internal thermal comfort. Thevia’s company has introduced a patent 
application for disruptive green technology and revolutionary top and bottom 
interlocking roof tile design look like conventional tiles [19].  Souza et al [20] assesses 
the environmental impacts of building materials and elements in order to compare 
the life cycle impacts of ceramic versus concrete roofing tiles. 
2.2.7 Physical and mechanical properties 
From previous studies, the physical and mechanical properties of roof tiles using 
residues such as sugar cane fiber, rice husk ash [18], red mud [15], glass fibers [16] 
and hard rock from mining project [21] were used for tiles and construction roof. 
These waste materials indirectly improve the properties of other roof tiles such as 
strength [10] and much larger than the average tile of competitors [19]. 
2.2.8 Resistant to corrosion and not fragile 
When roof tiles are mixed with residual materials, the resulting tile has been tested 
for durability such as erosion and strength of its load. It turns out that the mixed 
material is used to strengthen the strength of the roof tile and lasting. Sonnekus [19] 
mentions that the Thevia's roof tile is not fragile and twice as strong as conventional 
roof tile on the market. Setyanto [16] stated that the roofing tile using material Sheet 
Moulding Compound has a high potential to accommodate human load and 
corrosion resistance.  
2.2.9 Thermal properties of the roof tile 
In terms of sustainability, using rice husk ash not only improves the performance of 
the structure but also the thermal properties and flexural properties of the roof tiles 
[18]. Mixed substances such as sugar cane fiber mixed in the manufacture of roof 
tile produce the lowest value on thermal conductivity and heat resistance [24]. This 
causes roof tiles to not absorb much heat and make the building's internal 
temperature low. As stated by Yacouby and Razali [22], brightly colored roof tiles 
can reduce indoor temperatures by using anti-heating to the sun's reflection index 
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(SRI). Additionally, research from Jewell [11] mentions that light roof tiles can lower 
air temperatures in the roof space up to nine degrees compared to dark tiles. 
3. METHODOLOGY 
Data collection in this study was carried out by two important methods, namely 
literature review and distribution of questionnaires. From previous research studies, 
the factors mentioned in research papers are listed. Frequency of listed factors is 
calculated as shown in Table 1. This is done to identify the environmental principle 
factors that will be chosen to create a sustainable roof tile. 
Table 1: Factors of sustainable roof tile based on environment principle 
 
No 
                 
References                                        
                                   
Factors 
[2
4]
 
[1
1]
 
[1
7]
 
[2
0]
 
[2
1]
 
[2
] 
[1
8]
 
[2
2]
 
[1
6]
 
[1
5]
 
[1
9]
 
[1
0]
 
[9
] 
Fr
eq
ue
nc
y 
1 Recyclable 
materials in tile 
manufacturing 
x     x x  x x x x  
7 
2 Physical and 
mechanical 
properties 
x    x  x  x x x x  
7 
3 Tile fastening 
materials 
x             1 
4 Water 
catchment 
system on the 
roof 
           x  
1 
5 Green 
harvesting and 
irrigation 
systems 
  x           1 
6 Life cycle 
according to 
tile material 
   x          1 
7 Fuel in tile 
manufacturing 
   x          1 
8 Tile reactions 
in absorbing 
water 
    x         1 
9 Environmentall
y Friendly Roof 
Tiles 
   x x x  x  x x   6 
10 The selection 
of brightly 
 x      x      2 
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colored roof 
tiles 
11 Resistant to 
corrosion and 
not fragile 
        x  x   2 
12 Larger roof tile       x    x   2 
13 The roof tile 
design acts as 
a natural 
cooling system 
x  x     x    x x 5 
14 Lighter roof tile 
weight 
      x  x  x   3 
15 Thermal 
properties of 
the roof tile  
x x     x x      4 
 
The questionnaire was then prepared and distributed to organizations involved with 
construction activities such as contractors, architects, developers, engineers and 
others. The number of respondents involved in this study was 30 respondents and 
they evaluated the factors selected with rating scores from 1 to 5. The highest 
scores were represented by 5 and the lowest were 1. In this analysis, the mean 
value is used by using a synonym array with an average number of numbers and is 
calculated by summing all numbers and dividing by the number of the numbers. The 
questionnaire has three parts which are; Part A: Respondent background, Part B: 
Selection of sustainable roof tiles based on environment principle and Part C: 
Recommendation and suggestion to improve existing roof tile in Malaysia. All 
feedbacks from the respondents were analyzed using SPSS software. Table 2 
shows the scale measurements used to analyze the questionnaires. 
Table 2: Scale measurement [12] 
Scale Level Result 
1 Strongly Not Agreed 
Not Agreed/Low 
2 Not Agreed 
3 Not Sure Not Sure/Medium  
4 Agreed 
Agreed/High 
5 Strongly Agreed 
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4. RESULTS AND DISCUSSIONS 
4.1 Factors of Sustainable Roof Tile 
The process of identifying the factors of sustainable roof tile selection is done 
through previous research analysis. These factors are listed together with the 
frequency as stated in the graph below. Figure 2 shows the selection factors of roof 
tile based on the environment principles with the frequencies.  
 
Figure 2: Selection factors with the frequency 
As a result of the analysis, there were 15 factors that were recognized from previous 
case studies. However, only factor having more than one frequency is chosen as a 
factor in selecting roof tiles based on environmental principles. Thus, a total of 9 
factors in the selection of roof tiles have been selected in this study. All these factors 
are listed in the questionnaires to be evaluated by the respondents. Each factor was 
selected based on three methods. First, factors with frequency 1 were not selected 
because they were less popular or less important among researchers. Secondly, 
pilot test has been conducted among academic staff and people from the industry. 
They choose factors from the 15 factors listed based on their experience in the 
industry. Third, the factors that are not directly related to the manufacture of roof 
tile. For example, the process of firing material in the production of roof tiles. This 
process does not focus on the features of the roof tile itself. Another example is 
harvesting and irrigation systems on the roof. These factors focus on other 
mechanisms which is the roof systems. However, contrary to the listed factors, this 
0 1 2 3 4 5 6 7 8
Using recycled materials toproduce roof tiles
Physical and mechanical properties of roof tile
Binder properties used in roof tiles installation
Implementation of water catchment system on…
Harvesting and irrigation system on roof
Roof tile life cycle according to their material
Firing material in roof tile production
Roof tile water absorption reaction
Eco-friendly roof tile
Brightly colored roof tiles that absorb less heat
Corrosion resistant roof tiles
Larger roof tile size
Design of roof tile that acts as a natural cooling…
Lighter weight of roof tiles
Thermal properties of roof tile
Frequency
S
el
ec
tio
n 
Fa
ct
or
s
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indirect factor is able to obtain more than one frequency and was successfully 
selected during the pilot test conducted. Therefore, it is selected for this case study. 
4.2 Quantitative Method Using Questionnaire 
The data collection was done by distributing questionnaires. Each respondent is 
required to answer each question provided. At the same time, interviews were 
conducted to obtain additional information from respondents. Figure 3 shows the 
participating party bar charts and most respondents come from Contractors with 13 
of them. This is followed by the second highest which was Engineer with the total 
of 6. A total of 5 Architects answered the questionnaire and was followed by 3 
respondents from Developers and Others. The information obtained from all 
respondents is important to obtain multiple answers in the questionnaire as each 
organization has different knowledge and experience. 
 
 
 
 
 
 
 
 
Figure 3: Respondent's Background 
Figure 4 shows 56% of the 30 respondents have most respondents with the duration 
of service experience in the construction sector for 1 to 5 years. Followed by 37% 
over 5 to 10 years of service and the last 7% for more than 10 years. The 
background experience of respondents in the construction sector will help in 
providing knowledge to determine sustainable development factors without any 
adverse environmental impact. 
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Figure 4: Respondent's Experience 
From the result, about 80% of the total respondents agreed that the existing roof 
tile needs to be upgraded in line with the current technological advances. The rest, 
20% of respondents disagree with making any changes to the existing roof tiles in 
the market. This is because, the acceptance of a customer or user to use a 
sustainable roof tile is less likely to respond. Refer Figure 5. 
 
 
 
 
 
 
 
 
Figure 5: Validity of improving existing roof tiles 
Table 3 shows the distribution of respondents’ score according to the mean score 
based on the selection of environmentally sustainable roof tile factors. Each given 
factor presented has a sustainable value that reduces the threat to the environment. 
The selected factors are believed to improve the existing roof tiles in the market. 
 
 
 
 
56%37%
7%
Respondent experience in construction 
industry
1-5 year
5-10 year
>10 year
80%
20%
Is it appropriate to improve existing roof 
tiles?
Yes
No
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Table 3: The result of selection of sustainable roof tiles’s factors based on environment 
principle.  
  
 
 
 
 
 
 
 
 
Overall, each factor has a mean score of 4. This indicates that the respondents 
answered a score of between 4 and 5, indicating that the respondents had agreed 
with all election factors. The mean min score is question 3 with mean score 4.17. 
The score means that the majority of the respondents answered the score of the 
score 4 instead of 5. The respondents assert that the size of the larger roof tile will 
be a new aspect that can be improved. The larger roof tile size means that it may 
shorten the period for installing roof tiles in construction projects. The highest mean 
score is 4.77 for number 8. This indicates that most respondents agree that the 
sustainable roof tile must be resistant to corrosion and not easily brittle that makes 
roof tiles durable and inhibit any wastage. Obviously, most respondents agree with 
these factors. This study was made to improve the existing roof tiles into established 
sustainable roof tiles. This is because environmental issues are important in 
technology advancement in construction without affecting the environment. 
5. CONCLUSION AND RECOMMENDATION 
The selection factors for sustainable roof tile based on the environment principle 
have been identified through literature review. The results of previous studies show 
that various elements or factors that lead to the concept of environmental 
sustainability roof tiles. Selected factors were evaluated through quantitative 
methods through the distribution of questionnaires. Based on the questionnaire 
given to the respondents, it was found that all respondents agreed that all these 
factors should be applied to existing roof tiles in order to make sustainable and 
environmental friendly products.The selected factors have been evaluated through 
quantitative method which is distribution of questionnaire. Based on a questionnaire 
that was given to respondents, it was found that all respondents agreed that all 
No. Questions Mean 
score 
1 Using recycled materials in manufacturing of roof tile. 4.40 
2 Lighter weight of roof tiles 4.40 
3 Larger size of roof tile to reduce workforce during installation of 
roof tiles. 
4.17 
4 Brightly colored roof tiles that absorb less heat 4.53 
5 Design of the roof tile that acts as a natural cooling system 4.60 
6 Environmental friendly roof tiles that do not give bad impact on the 
environment such as pollution and global warming. 
4.70 
7 Physical and mechanical properties of roof tile is strong and 
durable. 
4.57 
8 Roof tile that corrosion resistant and not brittle easily 4.77 
9 Thermal properties of roof tile that acts as a thermal insulator. 4.73 
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these factors have to be applied to existing roof tile in order to make a product that 
apply to sustainable environmental concept. 
Based on the questionnaire in section C, there are several other proposals to 
improve the existing roof tile in Malaysia in order to implement a more 
environmentally friendly concept.  
i. Using raw materials for tile manufacturing without the need to import from 
abroad. This is to use easy-to-extract domestic materials at local locations.  
ii. Using construction waste as a mix in the manufacture of roof tiles with a ratio 
of 60% of waste and 40% of raw materials. These measures can reduce the 
impact of natural pollution due to the construction waste and reduce the 
scarcity of resources of natural resources. 
iii. Promoting and making connections between researchers and universities with 
the outside industries to produce high-tech and environmentally-friendly 
products. External industries can invest in research and development with the 
cooperation of education sectors such as universities. 
iv. Attracting large investors to carry out research and development in the 
construction industry with adequate equipment such as undergoing laboratory 
testing, regulated product generation and products compliant with national 
standards. As a result of investments, entrepreneurs in the construction 
sector can attract customers or users to use sustainable product concepts. 
v. Government and private bodies need to invest in knowledge, technology and 
exchange ideas in the construction industry. Data collection can be made by 
imitating the latest products in developed countries for optimum domestic 
consumption. 
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